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1 r n 



This report is the second of a series in a wind-tun- 
nel investigation planned to determine the aerodynamic 
characteristics of" airplane wings in spinning attitudes. 
The first report covers the aerodynamic characteristics 
of a rectangular Clark Y monoplane wing; this report 
gives the aerodynamic characteristics of a rectangular 
Clark Y "biplane cellule with equal upper and lower wings, 
gap equal to the chord, no decalage, and 25 percent stag- 
ger. The tests were made with the spinning "balance in 
the 1T.A.C.A. 5-foot vertical tunnel. 

The results are given in coefficient form with re- 
spect to the "body axes. An analysis of the data was made 
and a discussion of the results "based on the analysis is 
given to aid in predicting the spinning characteristics 
of airplanes having this wing arrangement. 

The analysis indicates that a conventional airplane 
using this wing combination will, in general, spin with 
inward sideslip; it will attain equilibrium in a steady 
spin from 30° to 70° angle of attack if the yawing-moment 
coefficient produced "by interference and parts of the 
airplane other than the wings is small, about 0.01 oppos- 
ing the spin; it will not spin if the yawing-moment coef- 
ficient is greater than 0.025 opposing the spin; and it 
is less likely to spin if it is statically unstable in 
yaw (body axis) in spinning attitudes. 
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INTRODUCTION 



General methods of theoretical analysis of airplane 
spinning characteristics have "been available for some 
time. Some of these methods of analysis might he used by 
designers to predict the spinning characteristics of pro- 
posed airplane designs if the necessary aerodynamic data 
were known. 

To provide these data, the 1T.A.C.A. is conducting in- 
vestigations, using the spinning "balance, to determine the 
aerodynamic forces and moments on airplane models, and on 
the various parts of airplane models, in spinning atti- 
tudes. The present investigation, to determine the spin- 
ning characteristics of wings, is planned to include vari- 
ations in airfoil sections, plan forms, and tip shapes of 
monoplane wings and variations in stagger, gap, and decalage 
for biplane cellules. The first series of tests, made on 
a rectangular Clark Y monoplane wing, are reported in ref- 
erence 1. That report also gives an analysis of the data 
for predicting the probable effects of various important 
parameters on the spin for normal airplanes using such a 
wing. 

The present report is the second of the series. It 
gives the aerodynamic characteristics of a rectangular 
Clark Y biplane cellule in spinning attitudes and in- 
cludes a discussion of the data, using the method of anal- 
ysis given in reference 1, 



APPARATUS AND MODELS 



The tests were made on the spinning balance in the 
N.A.C.A. 5-foot vertical wind tunnel. The tunnel is de- 
scribed in reference 2 and the balance, which measured 
all six components of the force and moment, is described 
in reference 3. 

The biplane* cellule had similar upper and lower 
Clark Y wings with 25-percent stagger, 0° decalage, and a 
gap/chord ratio of 1.0. These wings were of laminated ma- 
hogany and were rectangular in plan form with 5- inch 
chords and 30- inch spans. They were rigidly fastened to- 
gether with struts and braces of 3/32-inch steel rod. 
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Figure 1 is a sketch of the model showing the locations 
of the airfoils, the bracing, and the ball- clamp attach- 
ment for the spinning "balance. 

TESTS . 

In order to cover the probable spinning range, tests 
were made at ■ approximately .30° , 40° , 50°, 60°, and 70° an- 
gles of attack* At each angle of attack tests were made 
with sideslips of approximately 10° , 5°, 0°, -5° ,* and -10 . 
At each angle of sideslip and at each angle of attack 
tests were made with values of Qb/2V of 0.25, 0.50, 0.75, 
and 1.00. The angles of attack and sideslip were meas- 
ured in the plane of symmetry at the quarter-chord point 
of the upper wing. The quarter-chord point of the upper 
wing was also the center of rotation for all tests. The 
stops used in setting the model gave angles of attack and 
sideslip slightly different from those desired. The ex~ 
act angles tested were measured and the rl-ic. converted to 
the even angles. Because of the variations in the balance 
readings each test condition was repeated five times to 
insure consistent resiiits. 

The tunnel air speed was 75 feet per second for tests 

with = 0.25 and 0.50, and it was 65 and 48.8 for &~ ^ 

2 V ^ v 
0.75 and 1.00, respectively. The Reynolds ITumbers of the 
tests were about 196,000 for the highest air speed and 
138,000 for the lowest air speed. previous tests (refer- 
ence 3) showed no appreciable change in scale effect for 
this range. 

RESULTS AUD DISCUSSION 



The data were converted to coefficient form by the 
following relations: 

« _ I n _ _M_ c = 

C * " qbS m ~ qbS 11 
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The forces and moments used to obtain the coefficients were 
averages of those from the five tests. All coefficients 
are standard IT.A.C.A. coefficients excepting C m , which 
is based on the span of the wing instead of the chord, and 
which may he converted to the standard coefficient "by mul- 
tiplying it "by 6. All coefficients are given with the con- 
ventional sign for right spins. 

The data and attitudes are given for the quarter- 
chord point of the upper wing at zero radius. The coeffi- 
cients in body axes may he converted to any other point 
of rotation in the plane of symmetry by the following re- 
lations. The converted coefficients are marked with a 
subscript. 



and 



c H N 



Z vV x J 



where 



is the distance forward (positive) of the new 
center of rotation from the quart er-* chord of 
the upper wing, 

the distance of the new center of rotation be- 
low (positive) the quarter-chord of the upper 
wing . 



V 



the span of the wing, 



u. 



_1 ( Vf^ W-l 

Y 2 y 2 " 2 



~ = cos a cos p + 



2zq ^Ob\ 
bQ~ \2Y/ 



= sin p + 



2xr /Qb^ 
b Q V2V> 



2zp /Qb\ 
b Q \2V/ 
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r = sin a cos p " Tb'iT u?; 

£ = cos a cos p 

a = 3111 p 

~ = cos P sin a 
thus cu = tan ■ — 

Hi; 

p x - sin" 1 -J- 

The data in coefficient form are plotted against angle 
of attack in the ground system of axes for the longitudinal 
force Cx" i» figure 2 and all coefficients are given in 
the "body system of axes in figures 3 to 8. Sample curves 
of the moment coefficients plotted against angle of side- 
slip and Q£ in hody axes aro given in figures 9 to 11. 

The spread of the test data indicated that the results 
are correct to within the following limits: 



c x . 


±0.01 


<V 


±0.002 


Cy , 


±0.01 




±0.005 




±0.04 


Cj, » 


±0.002 



Ho corrections have "been made for the effects of the 
tunnel, scale, interference of the balance, or of the 
struts and "bracing system. 

The data for C x h are given for the ground system 

of axes (fig. 2) "because these values have /been used in 
the analysis- In order to avoid confusion, the following 
discussion will bo confined to the data in the body sys- 
tem of axes. 

The values of C X i longitudinal-force coefficient 
(fig. 3), are small and usually negative. 
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The values of Cy, lateral-force coefficient (fig. 4), 
are small and generally positive- with negative (outward) 
sideslip and negative with positive sideslip. The values 
of Cy increase with Rb/3V and with angle of attack. 

The values of C z , normal-force coefficient (fig. 5), 
are large and negative and they increase in the negative 
sense with Qb/2V and with angle of attack up to about 
50 . The angle of attach of maximum negative" values of 
C 2 decreases with increasing values of iib/2V. The 
changes in C z with sideslip are somewhat irregular and 
depend upon the value of Qb/27. 

The rolling-moment coefficient Cj "(fig. 6) increases 
with angle of attack from a negative value at small angles 
of attack to a positive value at large angles except for 
small values of Gb/'27, where the rate of change is small. 
At low values of Qb/27, C l has a larger positive value 
with negative (outward) sideslip than it docs with posi- 
tive sideslip; whereas, at the larger values of Qb/27, 
tno change in Cl with sideslip becomes smaller and ir- 
regular. 

The pitching- moment coefficient C m (fig. 7) gener- 
ally increases in the negative sense with angle of attack 
and with Lb/2?. The changes in C ra with sideslip are 
irregular. 

The yawing-mornent coefficient C n (fig. 8) is small 
and, in general, decreases with the angle cf attack. The 
changes with Qb/27 and sideslip are small and irregular. 



ANALYSIS 



An analysis of the data was made to show the effects 
of certain parameters on the steady spinning characteris- 
tics of an airplane using this type of biplane cellule. 
The method of analysis with the assumptions and errors in 
volved is given in reference 1. 

Earame t or s . - Because the wing loading, aspect ratio, 
radii of gyration, pitching moments, and lift coefficient 
are mostly dependent upon the characteristics of the par- 
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ticUlar airplane, values of these variables covering the 
range for normal airplanes have "been used in the analysis. 
A mean of these values was chosen which gave the follow- 
ing parameters. 

Helative density of airplane to air, \x ~ 5 

pitching-moment inertia parameter, - z 2 - 80 

k z - k X 

Rolling-moment and yawing-moment inertia parameter, 

k z - k x 

Slope of pitching-moment curve, C n = -0.0020 (a-20°) 

lift coefficient, C L = 0 X « ( C x « from tost data) 

Each of the parameters was varied, one at a time, 
frpm the mean value while keeping all of the others at the 
mean value. The values of the parameters used are: 

H = 2.5, 5.0, 7.5, and 10.0 



h 



2 



H " k x 



= 60, 80, 100, and 120 



V : ~r = 0.5, 1.0, 1.5, and 2.0 



4J 



Cm = 



-0.0010 (a - 20°), -0.0015 (a - 20°), -0.0020 
(a - 20°), -0.0025 (a - 20°). and -0.0030 
(a - 20°) 
C L = 0.8 C x *. C x «, and 1.2 C x « 

The variations in \x include the range of wing load- 
ings, of conventional airplanes. The value of \X = 2.5 
corresponds to an airplane having a wing loading of 6 
pounds per square foot and a span of 31.2 feet, and \l - 10 
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corresponds to a wing loading of 20 with a span of 26.1 
feet; ■'both values are for standard atmospheric conditions 
at sea level. 

The variations in -— - and - 7 v 



1L 



_ . ana _ cover 

ice 4 for 



"X - l -z ^ ^x 

the range given in reference 4 for 11 airplanes. These 

paranet era.. may be written as — and 

e (c - A) * C - A 

respectively 9 where 



A = 


nk x 2 , 


the 


moment 


of 


inertia 


about 


the 


X 


axi s . 


3 = 


mk Y 3 , 


the 


moment 


of 


inert ia 


a bont 


the 


y 


axi s . 


C = 


mk z 2 , 


the 


moment 


of 


inert ia 


about 


the 


z 


axi s . 



£iscussion_of ._r o. suit s, .of ;_anal£sis.- Figures 12 and 
13 are sample plots used for obtaining the balance of 
aerodynamic and gyroscopic rolling moments for various an- 
gles of sideslip and yawing moment with angle of attack. 

Because of the large values of outward sideslip re- 
quired for balance at GO 0 and 70° angles of attack, ex- 
trapolation of data beyond the range of 0 = 10° was nec- 
essary for most cases. These extrapolated values for a 
balance of rolling moments, except" for a few cases, prob- 
ably give a reasonable indication of the sideslip neces- 
sary to justify their use. Much extrapolation for the 
values of C n does not appear to be reasonable so the 
values are not given for some conditions. 

^ The angles of sideslip required for a balance of 
pitching moments and rolling moments are -clotted against 
the variations in the parameters in figures 14 to 18. 
The yawing moments required by the parts of the airplane 
other than the -rings and inertia are plotted against vari- 
ations in the parameters in figures 19 to 23. 

The sideslip required for balance in a steady spin is 
always o positive (inward) and in only two cases is it less 
than 5 . The changes in sideslip with angle of attack are 
large. Usually these changes are comparatively small be- 
low 50 angle of attack but above this point the sideslip 
increases rapidly, reaching a maximum above 60° angle of 
attack and usually below 70°. 
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The required amount of sideslip generally decreases 
with increasing slope of the pit ching-moment curve (fig* 
14). The variation of sideslip with changes in the density 
of the airplane (fig. 15) are large for most angles of at- 
tack and the variations with angle of attack are large for 
lightly loaded airplanes. The changes in sideslip pro- 
duced by variations in the lift coefficient are snail for 
a given angle of attack (fig. 16). In general, the side- 
slip increases with the inertia pi t ching-moment parameter 



_2 



i 2 i 2 

k z ~ k x 



(fig. 17) "but the rate of change is small and 



irregular. The sideslip decreases with an increase in the 
rolling-moment and yawing- moment inertia parameter 
v 2 v 2 

ZjL (fig. 18) and the changes are large for the 

higher angles of attack. 

An analysis was made with the data converted to the 
o x uarter-chord point mid.vay "between the wings of the bi- 
plane. The analysis showed that the sideslip required was 
generally about 2° less than it was for the original data. 
In other details the variations were quite similar. The 
results are not given, because of the extrapolation re- 
quired to obtain the data. 

The yawing-moment coefficient C n required by the 
parts of the airplane other than the wings is negative 
and, for a steady spin, requires a yawing moment opposing 
the spin except for a single case where it is positive, 
but small. The changes ..in C n required with the various 
parameters are too small to be of much importance except 

k z 2 - k y 2 

for the inertia parameter -- g r and the density 

k z - k x 

parameter p,. 

The yawing-moment coefficient required is about 
-0.005 for the lowest relative density used (fig. 20) and 
it increases somewhat for the higher densities. The value 
of C n decreases from about zero for the lowest value of 

JL — ~—JL to about -0.02 for the highest value (fig. 23). 

. 2 , 2 
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The analysis with the data converted to the quarter- 
chord point midway "between the wings of the biplane showed 
the same general characteristics and usually slightly 
larger values of -C n than wore obtained for the original 
data. 

The prediction of the possibility of an airplane's 
spinning or the probability of its attaining a dangerous 
spin is dependent, using the foregoing analysis, upon the 
aerodynamic yawing-moroent characteristics of the parts of 
the airplane other than the wings and of the interference 
effects. 



The aerodynamic yawing moments produced by the fuse- 
lage and landing gear depend \ipon their shape and distri- 
bution of area. Some results obtained by the British for 
fuselages are reported in references 5 and 6. The IT. A.C.I, 
is conducting an investigation with pressure distribution 
on the fuselage and tail surface of an XII2Y- 1 airplane in 
flight and the results are to be published later. The 
yawing moments produced by the empennage depond upon its 
distance from the center of gravity; upon the areas, the 
shape, and the location of the vertical and the horizon- 
tal surfaces with re-pect to each other as well as to the 
fuselage; and upon tho limits of the control movements and 
their attitude with respect to the relative wind. The ef- 
fects of some of these variables have been investigated 
and are reported in references 5 to 10. 

The geometry of the spin indicates that the greater 
the sideslip in the outward sense and/or the higher the 
rate of rotation, tho more effective the vertical tail 
surfaces will be for producing yawing moments opposing 
the spin. Another factor that must be considered is the 
static stability of the airplane in yaw (body axes) in 
the particular attitude in question. If the airplane is 
statically stable, outward sideslip will give an incre- 
ment of yawing moment opposing the spin and if it is stat- 
ically unstable, inward sideslip will give an increment 
of yawing moment opposing the spin. In other words, an 
airplane that has fin area ahead of the center of gravity 
is less lih'ely to attain a dangerous, spin if the sideslip 
is inward than if the sideslip is outward. 

Since the analysis shows that an airplane with this 
wing arrangement will probably always spin with inward 
sideslip, the vertical tail surfaces will be at a disad- 
vantage for producing yawing moments opposing the spin 
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especially at the higher angles of attack, where 0 is 
large and the airplane is lively to spin flat. In order 
to increase the yawing moments opposing the spin from the 
fin and rudder as well as from stability, if the airplane 
is statically stable in yaw, any change in the parameters 
that will reduce p will be beneficial. The analysis 
shows that 0 will be reduced especially at the higher 

k z 2 - k Y 3 

angles of attack by increasing -C m , jJL. and ---§ - -y ' 



and by reducing — ^ 3- • The yawing-moment cooffi- 

kf - k x 

cients produced by the wings, however, show increasing 
values aiding the spin, with increasing values of -0 m 

k 7 3 - k Y 2 

(fig. 19), and -tt V (fig- 23). The resulting ef~ 

k z - k x 

fects, on the spin, of changing either or both of these 
two parameters will depend upon their relative importance 
for the particular airplane. 

It is apparent that to predict the spinning charac- 
teristics of a particular airplane, the aerodynamic char- 
acteristics must be better known than they are at present. 
These results, however, indicate some interesting facts 
about the spinning characteristics of normal airplanes 
using this wing arrangement. These facts may be stated 
as follows: (1) The airplane will normally spin with in- 
ward sideslip. (3) Yawing- moment coefficients, about -0.02 
or less, opposing the spin will be required to make the 
airplane balance in a steady spin from 30 c to 70 angle of 
attack. (3) Yawing-mornent coefficients opposing the spin 
slightly greater than the maximum required for a balance, 
in any particular case, will prevent the steady spin. A 
maximum" value of -0.025 should be sufficient to prevent 
the steady spin for all normal conditions. (4) Some param- 
eters give opposing results and the prediction will depend 
upon the relative importance of the variables. 



conclusions 



Provided that the added arbitrary constants to the 
rolling-moment and yawi:;g~moment coefficients are of the 
right order of magnitude, the following conclusions are 
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indicated by the analysis presented for a conventional "bi- 
plane with rectangular Clark Y wings having 25 -percent 
stagger, gap equal to the chord, and zero decalage. 

1» The value of the yawing-moment coefficient re- 
quired from the fuselage, tail, and interference effects 
for steady spinning equilibrium is snail and nearly always 
negative (opposing the spin) throughout the angle-of-at tack 
range investigated. It appears that the spinning attitude 
of the airplane will depend mostly upon details of arrange- 
ment of the fuselage and tail. 

2. The maximum yawing-moment coefficient that must 
he supplied by all parts of the airplane other than the 
wings to insure recovery from steady spinning equilibrium 
is C n = -0.025. 

3. Decreasing the static stability in yaw when feasi- 
ble (making more positive the slope of curve of yawing mo- 
ment against sideslip, e.g., adding fin area ahead of the 
e.g.) about body axes at spinning angles of attack de- 
creases the possibility of attaining, equilibrium of yawing 
moments and hence tends to prevent the spin. 

- Langley Memorial Aeronautical Laboratory, 

Hational Advisory Committee for Aeronautics, 
Langley Field, Va. , March 16, 1935. 
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30 35 ^ 40 45 50 55 60 65 70 

Angle of attack, a , degrees 

Figure 2.- Variation of longitudinal-force coefficient C x ti (ground axes) with angle of 
attack. 




-• d 30 35 40 45 50 55 60 65 70 

Angle of attack, a , degrees 

Figure 3.- Variation of longitudinal-force coefficient C x (body axes) with angle of 
attack. 
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~**30 35 40 45 50 55 60 65 70 

Angle of attaok, <x , degrees 

Figure 4.- Variation of lateral-force coefficient Cy (body axes) with angle of attack. 
Signs for right spins. 
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Figure 5.- Variation of normal-force coefficient C z (body axes) with angle of attack. 



H.A.C.A. Technical Note Mo. 526 



rig. 7 



30 



35 



Angle of attack, d , degrees 
40 45 50 55 60 



65 



70 




Figure 7.- Variation of pitching-moment ooefficient 0 m (body axes) with angle of attack. 
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Angle of attack, ct , degrees 



Figure 8.- Variation of yawing-moment coefficient 0 n (body axes) with angle of attack. 
Signs for right spins. 
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Angle of sideslip, P , degrees .25 ilb/37 

figure 9.- Variation of rolling-moment ooeffioient C, (body axes) with angle of sideslip and with 
ilb/2V. 81gns for right spins. 
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figure 11.- Variation of yawiog-aoaent coefficient G n (body axes) with angle of sideslip and with 
SU>/ZV. Signs f^r rignt spins. 
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Figure 14. -Effect of pitching-moment coefficient upon sideslip necessary 
for equilibrium in a spin. 
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Figure In. -Effect of relative density of airplane upon sideslip necessary 
for equilibrium in a spin. 
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Fig. 16 
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Figure 16. -Effect of lift coefficient upon sideslip necessary for equi- 
librium in a spin. 
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Figure 17, -Effect of pitchixig-mouient inertia parameter won sideslip neces- 
sary for equilibria in a sain. 
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Figs. 18,19 
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Figure 18. -Effect of rolling-moment and y&w- 

| ing-moment inertia parameter upon_ 

sideslip necessary for equilibrium in a s"oin 

f I I 



1.0 1.5 2.0 

jT ^ lev ^ 

Rolling-and yawing-rnoment inertia parameter, ~Z ~ 

. 02 , , - , , 




-.02 
.0010 



Slooe of assumed pitching-mo^ent coefficient curve, 



o-20° 

Figure 19. -Effect of r>i tching-nioment coefficient woon yawing-mornent coef- 
ficient that must be supplied "by parts other than the wing for enuili brium 
in a spin. 



N.A.C.A. Technical Note No. 526 



Figs. 20,21 



0 



,02 



«M 

<D 
O 
O 

-p o - 
c 0 

e 

A. 
c 

•H 

b 

* -.02 



a = 
11 _ 



» = 50 

•" = 60 



70 



2.5 



C m = -0.0020 (a- 20°) 
C L = C X" 



5.0 

Relative density, p, 
= 80 



7.5 



10.0 



m 



pSb 



z „ * = 1.0 



1 l_ C 

k 2 -kj 



Ft 



Figure SC. -Effect of relative density of 

airolane upon yawing-moment 
coefficient that must "be supplied by parts 
other than the wing for equilibrium in a spin. 



.02 



<H 

0) 
O 

o 

•P o 

pi 

8 



-.02 

C.8 





! 


~l 











































l f 
























\ 




1 



1 r 

JL « 

Ratio of to measured value of C-u 



1.2 



\i = 5 

c rn - ~0.002G(o>20°) 

i-„2 v.2 
_jC Y 

— _ = 1.0 

b£_ 

.2.2 
k z 



a = 30 

« = 40° 

» = 50° 



= 30 



Figure 21. -Effect of lift coefficient upon yawing-moment coefficient that 
must be supplied by parts other than the wing for equilibrium 

in a spin. 
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Figure 23. -Effect of rolling-moment and yav/ing-moment inertia parameter 

upon yawing-moment coefficient that must be supplied by parts 
other than the wing for equilibrium in a spin. 



